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Method for utilizing triethylaluminum to prepare an alumoxane support for an active metallocene 
catalyst- 



'cl T'^'S inv^'^fcn relates to a process for preparing a supported nnetallocene alumoxane catalyst lor use m the 
po.ynnerizaticn ci olefins. The invention particularly relates to the use of silica gel containing from about 6 to 
about 20 per cent by weight adsorbed water as the catalyst support material. It has been found that such silica 
get may be safely added to a solution, of trialkylaluminum to form by direct reaction with the adsorbed water 
cor:eni of ire silica gel catalyst support material the majority of the alumoxane component requirement of the 
cataiysi sysiem. An aikylalumoxane coated silica gel is formed to which a trimethylaiuminum treated metallocene 
may ce adceo and the resulting material dried to free-flowing powder. The dry free flowing powder may then be 
usee as a s-ccx>rted metallocene alumoxane catalyst complex for gas phase or liquid phase polymenzation of 
olefins. The supported catalyst produced by such procedure has an activity at least comparabie to a catalyst of 
simiar composition which is produced exclusively with trimethylaiuminum as the alumoxane terming aluminum 
alkyi. 
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METHOD FOR UTILIZING TRIETHYLALUMINUM TO PREPARE AN ALUMOXANE SUPPORT FOR AN ACTIVE 

METALLOCENE CATALYST 

7-13 ^ver:^zn relates to a o-zcess for preparing a supported metallocene-alumovare catalyst use in 
■'^.e gas prase z^ ttquid phase pctynnerization of olefins. The invention particularly relates to the use Df silica 
^el ccntajning f-rm about 6 to acout 20 per cent by weight adsorbed vater as the cataiyst suppon material. 
■\ has ceen fou-d that such sihca get may be safely added to a solution of tnalkyiaJummum to ::rm. by 
5 ^ rect reaction . 'h the adsorbec water content of the sihca get catalyst support matenal. the aiL^moxane 
::;rPD-cner: ~e catalyst sys'enn In the present invention the alumoxane comocrent iS fcr-^ed bw 
:ontac:;nc unoe-vdrated sihca gei with a solution of tnethylalummum after -vhich the ethylalumoxare coated 
supoon IS contacted with the product resulting from the reaction of a metailocene with trimethylaiLminum. 
~'^e 'es--vng ^£:erial is dned t: ^:'ee t'lcwmg oowder to yield a sucportec catalyst Ar.cn is comca'acle m 
:3ia'.: : aitivi:. 'z a catalyst prerared solely ^ith tnmethy latumir.-^m as ;re alunnoxare 'crnning ccr^ccnent. 

Background to ~e Invention 

■f O eftn poly enzatfon catalysts comprising a metailocene and an aluminum alkyi component we<e first 

cropcsec in aocut 1956. Austraiian patent 220436 proposed for use as a polymenzation catalyst a bis- 

:yc:ccer:3dier . > titanium. 2ir:cntum. or vanadium salt as reacted with a vaner/ of halogeraied or 
^--haiccacatec ^ ^mmum aikyi ::mpounds. Although capable of caiafy-zmg the polyr^enzation of e:'^yiene. 
E^cn :=:a 7tiC rrmplexes. espe: ally those made by reaction with a tnaikyl aluminum, had an ms-rficient 

evei :5talv: : activity to be employed commercially for production c^ pciyethyiere or copolymers of 
ethylene. 

Later t was found that cenain metallocenes such as bis-(cyclopertadienyl) ntanmm. or zirconium 
::alkyis in comr-nation with alunmum atkyl/water cocatalyst formed cataiyst systems ''or the pciymenzation 
etpyie-e. S^-cn catalysts are discussed m German Patent Application 2.608.853 which disc;oses a 

21 cciyrrerizaticn :e:a!yst for eth, ene consisting of bis-{cyctopeniadieny I) :.:anium dta:^yl. trialkyia:umtnum 
and water. Gerr-an Patent Application 2.608.933 discloses an ethylene polymerization catalyst consjsting of 
e cyc:cce'^taai^- /I zirconium sa : a tnalkylalummum cocatalyst and water European Patent Applicanon No. 
00352-12 ciscicses a process fc orepanng ethylene and atactic prooylene polymers ^<\ the presence of a 
:yctccen:adter . transition me^^t salt and an alumoxane Such catalys-s have sufficient activtr/ to be 

:: :cm.me^c ally -serul and enab'e :he control of polyolefm molecular w-eighi by means other than nydrogen 
addition - sue- as by controlling the reaction temperature or by controlling the amount of cocatalyst 
alumoxane as s_ch or as produced by the reaction of water with an aluminum aikyl. 

To realize ~e benefits of such catalyst systems, one must use or produce the required alumoxane 
locatalys: ccmz-Dnent An alumoxane is produced by the reaction of an aluminum aikyl with water. The 

35 -eactton cf an e;uminum aikyl .vith water is very rapid and highly exothermic. Because of the extreme 
violence cf the -eaction the alumoxane cocatalyst component has, heretofore, been separately prepared by 
cne cf Two general methods. Aiumoxanes may be prepared by adding an extremely finely divided water, 
such as n the 'orm of a humid solvent, to a solution of aluminum aikyl in benzene or other aromatic 
hydrocarbons, "he production of an alumoxane by such procedure requires use of explosion-proof 
eauipm.ert anc .ery close control of the reaction conditions in order to reduce potential fire and explosion 
razarcs. .-or th'S reason, it has ceen preferred to produce alumoxane by reactmg an aluminum atkyi with a 
."^ydraied salt. s_ch as hydratea copper sulfate. In such procedure a slurry of finely divided copper sulfate 
pentahydrate arc toluene is formed and mantled under an inert gas. Aluminum aikyl is then slowly added to 
the slurry with sT^rring and the reaction mixture is maintained at room temperature for 24 to 48 hours during 

J5 which a s ow necrolysis occurs oy which alumoxane is produced. Although the productjon of alumoxane by 
a hydratect sart method significantly reduces the explosion' and Hre hazard inherent in the wet solvent 
croducticn method, production of an alumoxane by reaction with a hydrated salt must be carried cut as a 
crocess separa:e from that of producing the metatlocene-atumoxane catalyst itself, is slow, and produces 
nazarcous was:es that create cisposal problems. Further, before the alumoxane can be used for the 

5C croducticn of :-e an active catalyst complex the hydrated salt reagent must be separated from the 
alumoxane to C'event it from cecoming entramed m the catalyst compiex and thus contaminacng any 
polymer produced therewith. In either of the above described methods, only tnmethytalumtnum (TMA) 
'crms aiumoxare with good catalytic activity, other alkylatuminums. such as tnethyiaiummum iTEAL). form 
e:umoxane witr .ery low catalytic activity 
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U. S Patent 4.431 788 discloses a process for producing a starch filled polyolefin composition wherein 
a trialkv aluminum is 'irst reacter with starch carticles of a moisture content below 6 weight percent. The 
starch cs-^TicIes are then treated a tm a (cyctopertadienvOchromium. titanium, vanadium or z:rcontum aikyi lO 
form a ^etaltocene-alumoxane catalyst complex on the surface of the starch particles An olefin is then 
5 polymer zed about the starch par. :!es by solution or suspension polymerization procedures to form a free- 
flowing composition of polyolefir-ioated starch partictes. German Patent 3.240.382 likewise discloses a 
method 'or producing a filled pc^/olefin composition which utilizes the water content of an inorganic filler 
material :o directly react with a malkylalummum and produce thereon an active metallocene-aiumoxane 
catalyst complex. Polymer is proeaced by solution or gas phase procedures at the filler surface to uniformly 
:c coat the '>IIer partictes and provide a filled oolymer comoosition. 

Ger--an Patent 3.240.382 notes that the activity of a metallocene-aiumoxane catalyst is greatly impaired 
or lost *nen prepared as a surla-re coating on an inorganic material. Although German Patent 3.240.382 
sucgesTS that an inorganic matenai containing absorbed or adsorbed water may be used as a filler material 
from A-ch the aiumoxane ccc3:alyst component may be orepared by direct reaciicn with a tnal- 
-5 kylalumrum. the only water con!£..'-:ing inorganic nller matenais which are identified as capable of producing 
the alurroxane without adversely affecting the activity of the metallocene aiumoxane catalyst complex are 
certain ^organic materials conta)ning water of crystallization or bound water, such as gypsum or mica. 
German Patent 3.240.382 does -ot illustrate the production of a catalyst coated inorganic filler matenal 
wherein :he inorganic matenal s one having absorbed or adsorbed water. Nor does German Patent 
20 3.240.362 descnbe an inorganic fi :er matenal having absorbed or adsorbed water which has surface area or 
pore volume properties suitable fo^ service as a catalyst support for a gas phase polymerization procedure. 

My :o-pending U S. Patent Arolicaticn Sena! No. 134.413 discloses a method by Amich the requisite 
aiumo-a-e cocatalyst componeri 'or a £uopor:ea metallocene gas phase polymerization catalyst may be 
safely a-c: economically prepare- cy addition or an "undehydrated" silica gel to a trialkyiaiummum solution. 
25 My co-cending application illustrates the procuction of highly active silica gel supported metallocene- 
alumoxare catalyst wherein trimenylaluminum is utilized to form the aiumoxane. Althougn tnethylatuminum 
is knowr to be ineffective for the separate production of an aiumoxane cocatalyst to yield a highly active 
catalyst system with a metallocere. m accordance with the method disclosed in my co-pendmg application 
Serial 134.413. tnethylalum'-.m was found to be suitable for production of very active supported 

30 metallocene-aiumoxane catalyst s. stems by directly reacting tnethylaluminum with undehyorated silica. 

Atthcugh the relatively low :-st of tnethylaluminum (TEAL) compared to tnmethylalummum (TMA) 
would seem to make TEAL preferred for use. such is still not the case when viewed m lignt of the difference 
m cataivst activity between a TMA produced catalyst system compared to a TEAL produced catalyst 
system The supportec catalyst :-:ducec exclusively //ith TMA always has an activity at least about ZO'^o 
35 greater --an a like catalyst systen produced exclusively with TEAL. More typically, the activity of a TMA 
produced catalyst may be about :00% greater than a TEAL produced catalyst Hence, from a commercial 
production standpoint, the catalyr. activity diHerence still dictates the use of TMA for production of the 
alumoxare cocatalyst componeni Respite the cost savings that could be realized by use of TEAL as an 
aiternative. 

It wculd be desirable to devise an economical procedure whereby an active supported metallocene- 
alumoxare catalyst could be safely produced for use as a gas phase or liquid phase polymerization 
catalyst. To be economical the procedure should dispense with the requirement of producing the aiumox- 
ane comoonent as a separate cor^ponent apart from the procedure by which the catalyst itself is prepared- 
Further t would be desirable to cevise a procedure wh,ch utilizes TEAL to produce a substantial portion of 
the alur-oxane cocatalyst requires to provide a supported metallocene-aiumoxane catalyst of an activity 
comparaole to one wherein the recuisite aiumoxane cocatalyst component is formed exclusively from TMA. 
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Summary of the Invention 

The orocess of this invention utilizes as the catalyst support material silica particles having a surface 
area in -.ne range of about 10 m^ g to about 700 m^ 'g. preferably about 100-500 m^ g and desirably about 
200-400 m^^g. a pore volume of aoout 3 to about 0.5 cc/g and preferably 2-1 cog and an adsorbed water 
content of from about 6 to about 20 weight per cent, preferably from about 7 to about 15 weight per cent. 
Such Eti-ca particles are referrec to hereafter as an "undehydrate silica gel." The siiica gel supported 
metallocene-aiumoxane catalyst >s prepared by adding the undehydrated silica gel to a stirred solution of 
trialkylaijminum in an amount su^cient to provide a mole ratio of tnalkylaluminum to water of from about 
3:1 to acout 1:2. preferably l 2:1 to about 0 8:1: thereafter adding to this stirred solution a metallocene m an 



3 



EP 0 363 644 A1 



amouri suHicient to provide an atummum to trarsiconal metal ratio of from about 1000.1 to i t. preferably 
''om acGut 300 1 to 10 1. mcs: oreferably from accjt i 50 i to about 30 l : removing the solvent and drvmg 
:re sc ids to a :ree tlo^Mog pcAcer Drying can ze cctamed by rnodest heating or vacuum. 

T-~e onec :ree fio'A:ng povwoer comprises a T-.etaitocere-aiumoxane catalyst complex adsorbed upon rhe 
Surface of the £iirca ;et succcrt particles. The sucported catalyst complex has an activity sufficient for 
commercial pciymenzanon of ciefms by ccnvenncnaj gas ohase or liquid phase polymerization procedures. 

Tre process of ihis invention further orovices :or the use of TEAL to produce a substantial portion of 
;he a.'umoxane cocatatyst ccmoonent reciuirec to oroduce a supported metallocene-aiumoxane catalyst 
raving a degree of catalytic activity ^hich is ccrr^paraoie to a catalyst ot like composition wherein the 
a umcane cccatalyst r^moonert is oroduced exctusiveiy ^nth TMA Accordingly, in this embodiment of the 
crocess. the -ndehycrated sn^ca gel supoori material is added to a stirred solution of TEAL to form an 
ethyiaiumoxare coatee silica get A metaiiocene is separately reacted m solution with TMA and the resulting 
^eta^'ocene-'^'MA procjct is aamixed witn the etnv:atum.cxane coated silica gel after .vhich the solvent is 
-^r-^cea anc '.r^e soiics dnec :o a free-*-0'.v:rg cc^cer Wherein the quantity of TEAL reacted with the 
^noe'-vcratec St ica ge ts m a mole ratio :o tne .vaier content of the silica gel of from aoout 0 7.1 to about 
■ 1 a supporie^a catalyst of hign activity can be 'eat. zed bv reacting a quantity of TMA with the metaiiocene 
Such mat the mole ratio of TMA metaiiocene is frcon about 0.1:1 to about 10:1. the total mole quantity of 
coth :':atkylaiuminums oemg ir a mole ratio to xe *vater content of the support of from about 0.8:1 to about 
1 2:1 in the rinal sucoorteo catalyst ccmpcsincr^ The supported metallocene-aiumoxane catalyst so 
resulting has a catatys: activity at least ccmparacie to a supported catalyst of like metaiiocene composition 
and A. transition metal -atio the alumoxane comccnent of .vhich is produced exclusively from TMA. 

Z^etaiiea Descotion of :he Preferred Embcdimenis 



The present invention is cirected towards a metnod for preparing a supported catalyst system for use m 
;ne gas phase or high oressure single phase pciymenzation or olefins. The supported catalyst is particularly 
-sefut for the gas phase polymerization cf ethylene to hign molecular weight polyethytenes such as linear 
cw canstty cciyethy 'er^e (LLCPE) and high cansir.' polyethylene (HOPE). The polymers are intended for 
'aoncauon mio articles oy extrusion, injection mo:C!ng, *Lrermoformtng. rotational molding, and the like. In 
carticuiar. the polymers oreoare6 with the catalyst complex and by the method of this invention are 
--omccoiymers of ethy ene anc copolymers of einy ene with higher alpha-olefins having from 3 to about 10 
carbon atoms and preferably 4 to 8 caroon atoms. Illustrative of the higher alpha-oiefins are butene-i. 
"exena-t anc cctene-' 

In :he prccess of \r.e preseni invention, ethylene, either alone or together with alpha-olefms having three 
or more carbon atoms, is polymerized in -he presence of a silica ge! supported catalyst system comprising 
at least one metaiiocene and an alumoxane. 

In accoroance witr this invention, one can aiso procuce olefin copolymers, particularly copolymers of 
ethylene and "igner aicna-otenns having from 3-l8 carbon atoms. 

The active catalysi complex prepared by the Cfocess of this invention comprises a metaiiocene and an 
alumoxane formed onto the surface of a silica gei support material. Alumoxanes are oligomenc aluminum 
compounds represented by the general formula (R-Al-O)y which is believed to be a cyclic compound and R- 
iR-AI-0-)yAlR2. which ts a linear compouna. In :ne oenerai formula. "R" is a Ci-Cio atkyl group such as. for 
example, methyl, ethyl, propyl, butyl, ana penr/l ar>d "y* is an integer from 2 to about 30 and represents 
:ne degree oi oitgomenzation of the alur^oxare. in the preparation of alumoxanes from, for example, the 
-eaction of tnmethylalumium and water, a mixture ci linear and cyclic compounds is obtained. Generally, an 
alumoxane having a higher cegree of ongomenzHTion will, for a given metaiiocene. produce a catalyst 
complex of higher activity than will an alumoxane having a lower degree of oligomerization. Hence, the 
orocedure by which a'umoxane is produced by ctrect reaction of a tnalkylaluminum with an undehydrated 
Silica gel should insure the conversion of :}^e bulk cruantih/ of the tnalkylaluminum to an alumoxane having a 
high degree of oligomenzaticn in accordance with this invention the desired degree of oligomerization is 
obtained by the order of addition of reactants as described hereinafter. 

Tne metajlocene nnay be any of the orgaromeialtic coordination compounds obtained as a cyclopen- 
tadienyl derivative of a transition metal. Metajioceoes which are useful for preparing an active catalytic 
complex according to the process of this invention are the mono, bi and tri cyclopentadienyl or substituted 
cyclooentadtenyl metal compounds and most prefefaDly. oi-cydopentadienyl compounds. The metallocenes 
oarticularly useful m this invention are represented cy the general formulas: 
I <Cp)^MR.X.3 
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wherein Cp rs a cyclopentadierv nng, M is a Group 4b or 5b transition metal and preferably a Group 4b 
transition metal. R is a hydrocarryt group or hydrocarboxy group having from 1 to 20 carbon atoms. X is a 
halogen, and "m** is a wnole nL-^cer from l to 3. "n" is a whcie number form 0 to 3. and "q" rs a whole 
number from 0 to 3: 
5 II *C^R\)gR 's(CsR v)MQ3^ 

III R's(CrR\)2MQ' 

wherein (C-iR O is a cyctopentaoenyl or substituted cyclopentadienyl. each R is the same or different and 
)S hydrogen or a hydrocarbyl raclical such as alkyl. alkenyl, aryl. alkylaryl. or arylalkyi radicals containing 
from 1 to 20 carbon atoons. a Si^icon-containing hydrocarbyl radical, or a hydrocarbyl radical wherein two 
carbon atoms are joined logether to form a C*-C^ ring. R is C -G* alkylene radical, a diaikyt germanium or 
silicone, or an alkyl phosohine or amine radical bridging two (C^R O rings. Q is a hydrocarbyl radical such 
as aryl. alkyl. alkenyl. aikylaryl 2r arylalkyi having 1-20 carbon atoms, hydrocarboxy radical having 1-20 
carbon atoms or halogen and z^r be the same or different. O is an alkylidene radical having from i to 
about 20 careen atoms. ~s" is 0 :r ^. "g" is 0. 1 or 2: when ' »s 0. "s" is 0: ""k" is 4 when *'s" is i and 

•5 "k" is 5 when "s" is 0 arr-d M ts =s defined above. 

Exemplary hydrocartyl radcals are methyl, ethyl, propyl, cutyl. amyl. isoamyl. hexyl, isobutyl. heptyL 
octyl. nonyl. decyl. cetyl, 2-ethy'hexyl. phenyl, and the like. Exemplary alkylene radicals are methylene, 
ethylene, propylene, ana the liKe. Exemplary halogen atoms include cnlonne, bromine and iodine and of 
these halogen atoms, chltonne is preferred. Exemplary of the aikylidene radicals is methylidene, ethyhdene 

;o and propylidene. 

Of the metallocenes- hafnocene. zirconocenes and titanocenes are most preferred. Illustrative but non- 
limitiPC examples of the metallozanes which can be usefully emoloyed m accordance with this mventron are 
monocyctopentadienyt rianoce-es such as. cyclopentadienyl utantum tnchlonde. pentamethylcyclopen- 
tadienyi titanium tnchlonce: bisi c.ctopentadienyl) titanium diphenyl: the carbene represented by the formula 

?5 CP2T1 = CH2-A1{CH3)2CI and oerivatives of this reagent such as Cp2Ti = CH2 " AI{CH3)3. (Cp2TiCH2)2. 
Cp2TiCH2CH(CH3)CH2. Cp2Ti = CHCH2 .CHs, Cp2Ti = CH2 ' AiR''2CI. wherein Cp is a cyclopentadienyl or 
substituted cylopentadienyl racical. and r' is an alkyl. aryl, or aikylaryl radical having from 1-18 carbon 
atoms: substituted bis<Cp)TMl\M compounds such as bi£(indenyl)Ti diphenyl or dichlonde. bis- 
(methyicyciocentadienyUTi dipr-nyl or dihalides and other dirahde ccmplexes: dialkyl. trialkyl. tetra-alkyi 

20 and penta-aikyi cycfopenTadieny titanium compounds such as bis( 1 .2-dimethylcyclopentadienyt)Ti diphenyl 
or dici^londe. bis( 1 .2-dieThylcyc'coentadienyi)Ti diphenyl or dichloride and other dihalide complexes: sili- 
cone. Dhospnme. amine or carc^:n bridged cyclopentadiene complexes, such as dimethyl silyldicyclopen- 
tadienyl titanium diphenyl or Oicrilonde. methylenedicydopentadienyl titanium diphenyl or dichloride and 
other nihalice complexes and t^e ike. 

:5 Illustrative but non-iimitmg examples of the zirconocenes which can be usefully employed m accor- 

dance with this invention are. cyciopentadienyl zirconium trichlonde. pentamethylcydopentadienyl zirconium 
tnchlonde. bis(cyclopentadienyf .zirconium diphenyl. bis(cyclooentadtenyt)zirconium dichloride, the alkyl 
substituted cyctopentadtenes. s_ch as bis{ethyl cyclopentadienyDzirconium dimethyl. bts(/3-phenylpropyl- 
cyclocentadienyl)zirconiL,m dirre^hyl. bis{methylcyciopentadienyl)zirccntum dimethyl, and dihalide com- 

^ plexes of the above: di-alky tri-alkyl. tetra-alkyi, and penta-alkyi cyclopentadienes. such as bis- 
(pentamethylcyclopentaaienyl)zirconium dimethyl. bis(1 .2-dimeihylcyc!opentadienyl)zirconium dimethyl, bts- 
(1 .3-diethylcyc!opentadieJiyl)zircrnium dimethyl and dihalide complexes of the above: silicone, phosphorus, 
and carbon bridged cyctopentac:ene complexes such as dimethylsilyldicyctopentadienyl zirconium dimethyl 
or dihalide. methylphoscnine dicyciopentadienyl zirconium dimethyl or dihalide. and methylene dicydopen- 

-5 tadienyl zirconium dimemyl or tihalide. carbenes represented by the formulae Cp2 Zr = CH2P(C^Hs )2CH3. 
and Derivatives of these compour:ds such as Cp2ZrCH2CH(CH3)CH2. 

Bis(cycIopentadienyfc)hafnturT; dichlonde. bis(cyclopentadienyl)hafnium dimethyl. bts(cyc!opentadienyt)- 
vana dium dichlonde ana the like are illustrative of other metallocenes. 

Generally the use oi a metaiiocene which compnses a bis(substituted cyclopentadienyl) zirconium will 

50 provide a catalyst comp*ex of higher activity than a corresponding titanocene or a mono cyclopentadienyl 
metal compound. Hence bis(substituted cyclopentadienyl) zirconium compounds are preferred for use as 
the metailocene. 

Heretofore the alumcxane ccmponent of the active catalyst complex has been separately prepared then 
added as such to a catalyst sucoort matenal which is then treated with a metaiiocene to form the active 
55 catalyst complex. One procedure heretofore employed for preoaring the alumoxane separately is that of 
contacting water m the form ot a moist solvent with a solution of trialkyl aluminum in a suitable organic 
solvent such as benzene or alip^^atic hydrocarbon. As before noted this procedure is attendant with fire and 
explosion hazards whtcn requires the use of explosion-proof equipment and carefully controlled reaction 
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conditions, in an alternative metnod heretofore employed for the separate produc?on ot slumoxane. an 
aluminum a Kyi ts contacteo with a hycratec sa.:. sucn is hyorateo copper ^uifate mei"od comc':sed 
treating a ::: ute solution or aluminum aikyi n 'or e.xamrie toluene, /vith a copper fate centahydra:e A 
slow. contrc;!ea hydrolys.s of the aluminum aiKyi to aiurroxane results wmcr- substar:.aily eummats the fire 

5 ^r.c explos cn hazard bui /-^(th the disaovaniage of the :-eatton of hazardous waste coducis that must ce 
disposed ct and from which the aiumoxane must be seca/ated before it (S suitable for use m the production 
of an active catalyst comolex. Separate production of the alumoxane component by either procedure is time 
consuming and costly. Also only IMA based ajumoxane has good catalytic activity Other aikylalummums. 
such as TEAL, based atumoxanes have very low catalytic activity. Correspondingly, ine use of a separately 

'0 pfOOuced a'umoxane greatly increases the cost of produc:ng a metallocene-aiurnoxane catalyst. 

In accordance with the present invention the alumoxane component of tr.e cataivsi complex is precared 
by direct reaction of a tnalkylatummum ^tth the maienal utilized as the catalys; support, namety an 
undehydratrd Silica gel. Siitca userui as the caiaiyst suczort is that vvhich has a surface area n the ranee of 
:-.zo'j[ 10 to aoout 700 m~ g, preferably abcut - 00-500 a'O c!esiraciy about 200-400 g. a core volur^e of 

•5 acout 3 to icout 0 5 cc g and prereraoly 2-i cc g. and an adsorbed water content o' rom acout 6 to accut 
20 weight cercent. preferably from about 7 io about i5 -veight percent. The average oarttcle size (AFS) of 
the sdica may be from about 0.3u to about lOOix and fc a gas phase catalyt preferaoiy from about 30u to 
about 60a -iix = 10~^m>. For a catalyst mtenc^ for htcn pressure single pnase pcivmerization the par-icle 
Size or the sihca shoula preferably range from about 03 to no greater than about lOu. Hereafter, sittca 

20 having the aoove identified properties is referrec to as urrehydrated silica gel 

Undehydrate silica gel. as defined above, is added ever time, about a few minutes, to a stirred solution 
of tnalkyla;'-minum. in an amount sufficter^l to Orovioe a mole ratio of tna-kylalurrirLrm to .vater of -'rem 
aoout 3 1 tc 1 2. preferably about i 2 1 to 0 3.1 When used singularly the tr!a:kylalum.num preferred for use 
;n forming 'r^e alumoxane is trimethy lalum;nunn. Next n order of preference, wren usee smgularv ts 

25 triethytaium;num. Although triethyialummum A^hen reacte-d with a moist solvent or a nydratea salt does not 
produce an alumoxane product which wiil serve as a cocatatyst for oroducticn of a high acuvity 
metallocene-aiumoxane supported catalyst, u may be used m accordance with :re procedure of this 
invention tc croduce an alumoxane coated sitica partic:a to which a metallccene may be aoded to fcrm a 
^;gh activ::. ^etallocene-atumoxare supDcr:e-c catalys: Hence. :n :he orccess c: :"ns invention, a ^.gh 

30 activity supcorted catalyst may be producea exclusively 'rom TEAL, althougn a TEAL oroduced catalyst -vtil 
generally rave a lower degree of catalytic acDvity thar a catalyst of similar comccsttion the alumcxane 
cocatalyst c^ which is produced exclusively trcm TMA. The solvents used in the precaration of the caialyst 
system are :nert hydrocarbons, in particular a hydrocarbon that is inert with respect :o the catalyst system. 
Such soive-^'s are well -crown a^a inctuce "cr examc e. isobutane. cutare. peria.-^e. hexane. hep:ane. 

j5 octane. cyc:ohexane. meinyicyciohexane. totuer^e. xylene and the like. 

Also suitable for use as the tnalkylaiumtnum are tnpropylalumiuum. tn-n-butylaiuminum tri- 
isobutyialummum. tri(2-methylpentyt)aluminum. trihexylaluminum. tri-n-octylalummum. and tri-n-de- 
cylalummum Although such tnatky lalummum ccmpouncs are ineffective when used :o form an alumcxane 
cocataiyst separately from the silica gel suppon matenaj. when reacted with an un-cenydrated silica gei m 

-10 accordance -vith the procedure of the invention an effective alumoxane cocatalyst comoonent is formed as a 
coating on :ne silica gel particle. Again, in comcanson to an alumoxane produced from TMA. the alternative 
trialky aluminum compounds will not. when used singularly, produce a catalyst which is as active as one 
produced exclusively from TMA. The level of catalyst activity which can be attained with a given 
trialkylaluminum compound decreases as the size of the alkyi substituents increases. 

-5 Upon acdition of the undehyarate sihca get :o the scution of tnalkylaluminum. the water content or the 

silica get ccntroltably reacts with the tnalkylalumanum to produce an alumoxane which is deposited onto the 
surface of the stiica gel particles. Although the reaction cf the tnatkylatummum with the water content of the 
silica get proceeds relatively quickly, that is. it ts gener&iy completed within the time of about 5 minutes, it 
does not occur with the explosive quickness of that wmch occurs with free water. The reaction may be 

50 safely conducted in conventional mixing equipment under a manel of inert gas. 

A metaiiocene pre-reacted with trtmethylalummum (TMA). with a mote ratio of TMA:metallocene of from 
about 0.1:1 'O about 10:1. is added to the stirreo suspension of alumoxane silica gel product in an amount 
sufficient to provide a mole ratio of aluminum to transition metal of from about 1000:1 to about 1:1. 
preferably from about 300:1 to about 10:1 and most preferably from about 150:1 to aoout 30:1. The mixture 

55 IS stirred for about 30 mmutes to about one hour at amcient or an elevatea temperature of about 75 'C to 
permit the metaiiocene to undergo complete complexing reaction with the aasorbed alumoxane. Thereafter, 
the solvent is removed and the residual solids axe driea to a free flowing powder. The free flowing powder 
comprises a silica gel supported metailocene-alumoxane catalyst complex of sufficiently high catalytic 
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activity fo' jse tn the polyr-erization of olefins by convenlionai gas phase or high pressure single phase 
poiymenriron procedures 

T'r.e z zer of addition z-^vjveen the unoe-ydrate silica ge. and the trralky!alumini.m is imoonant with 
regards tc ::^e activity of the supported catalys: which results ucon addition of the metailocene. A supported 

5 catar/st c:^posttion of little or no activity ret-its wherein an ^ralkylalummum is added to a stirred solvent 
suspensic- of undehydratec silica gel. It has ceen found that :o prepare a supported catalyst composition 
of acceptacle or high activir/ the order of mi>cng must be one -herein the undehydrated silica gel is added 
to a stirrer solution of t^e trialkylaluminurr It is believed that this order of mixing forces the triaf- 
kyialuminu-n to undergo reaction in ttie ccntext of a transient localized excess of tnalkyi aluminum 

'0 comcarec :o a transient 'Ccaiized deficiency of water, Uncer a mixing condition which slowly adds 
undenycrired silica ge! to e stirred solution :f tnatkyl aluminLm. the bulk content of the tnalkylaluminum 
converts :: an alumoxane -^ith a degree of oligomerization about 2-30 (y = 2-30). Production of an 
alun^cxare .viih this degree :f oligomenzanor -esuits in a final -netallocene alumoxane catalyst complex of 
^sefui :r - -r. acivmy. A re.erse order cf mix -g. that »S- acditim of an tnaikyiatuminum to a stirred solvent • 

;5 suscensic of unoehydratec siiica gel yields a :atalyst which has a poor degree of catalytic activity. 

In acc::on to the imporance of proper rr *ing order m ach evmg a supported catalyst of useful activit/. 
It has ais: been observea r.at the water ccrtent of the unaenydrated silica gel influences final catalyst 
activity Hf-ce the undehyceted silica gel shruld have an adsorbed water content of from about 6 to about 
20 weigr: percent. Preferecty the adscrbec water content srould be from about 7 to about 15 weight 

20 percent. 

rurthe- influencing the zegree of activity attained in the final supported catalyst complex is the mole 
ratio of i Kyialuminum tc :r;e adsorbed water content of the undehydrated silica gel. The Quantities of 
iriaikyi a:_-^inum employee should, m ccmperison to the qua-tity of undehydrated siiica gel of speciftea 
adscrcec -'ater content, be selected to ^rovice a mole ratio of :otai tnalkylaluminum tc water of from about 

25 3:1 to aDo_: 1:2. preferably "-om about v5:l :: about 0.3:1. mere preferably from about 1.2:1 to about 0.8:1. 
It has bee- observed that fcr a given metallocene. a maximum, catalyst activity is generally observed in the 
trialkylalur-;num to water r-ole ratio range c: about 1.2:1 to about 0.8:1. Depending upon the particular 
:nalkyialL;~;num selected -'cr use. commerc ally acceptable catalyst activities are exhibited in the tnal- 
Kylaiumir.-: :o waier moie -atio range ct abo:,: 3:1 to about i 2. 

30 Also -''uencing the ccr. of producDon arc: the level of catalytic activity obtained m the final supported 

cataiyst crmclex is the rrc e ratio of alumi-jm to transition metal of the metallocene component. The 
quantity c' metallccene aaceo to the atumcxa^e adsorbed siltca gel solids should be selected to provide an 
aluminum 'o transition mete; mole ratio of frcn about 1 000:1 :o about 1:1. preferably fronn about 300:1 to 
aocu: 10* and most preferably from abc-* 150 l to abc^i 30:1. From the standpoint of economic 

35 cons;cera: ens tt is oesirabie :o operate m the ower ranges of 'sa aluminum to transition metal mole ratio in 
order to r- mmize the cost cf catalyst produccan. The procedure of this invention is one which provides the 
maximum conversion of the irialkylaluminum component to the most efficacious form of alumoxane, hence 
permits safe orocuctior cf a supponed r-etatlocene atumcane catalyst of useful actIVl^/ with minimum 
Quantities :f the costly triai^-yi aluminum comconent. 

40 As be'Dre noted, the :*ype of triaikylalL-ninum utilized fcr production of the alumoxane cocatalyst 

componer: exerts an influence over the degree of catalytic activity that can be achieved in the final catalyst 
comcositicT. Heretofore tr-nethylalummum -as been the tria:kyia!uminum of preference since it yields 
methylalur-.oxane (MAO). Metallocenes cocaralyzed with mediylalumoxane exhibit substantially greater 
catalytic a::ivtties than whe" cocatalyzed wit'~ higher alkylalumoxanes such as ethylalumoxane. Thus, even 
though tr— ethylaluminum icsts about :en tiroes more than tnethytaluminum. though oesirabie from a cost 
stancpoin: because of its associated lower acility to activate rte catalyst composition TEAL has not been 
the tnalky aluminum of chc ce for use. 

Fne p'esent invention provides a method by which the majority portion of the required alumoxane 
for a met^:ocene-atumoxare catalyst can be oroduced from trethylaluminum to produce a final supportea 

50 cataiyst having a degree of catalytic active/ comparable to one of like Altransition metal ratio and 
metallocene composition bu: which is cocataiyzed exclusively with methylalumoxane. In this embodiment of 
the invenccn. an ethylalumcxane coated siiica gel is producec by treating an undehydrated silica gel with 
triethyl3lu""inum. The ethy aiumoxane coatee silica gel is then treated with the product which results from 
the reacticn of tnmethylalurnmum with a met=.iocene. Preferab y the reaction of the undehydrated silica gel 

55 With tnetr . aluminum ^TEALi and the reactic of the metallocene with tnmethylaluminum (TMA) are earned 
out in an -art solvent. Folic >ving addition of ~e TMA treated rretallocene product to the TEAL treated silica 
gel. the sc vent is removec and the solics dried to a free-flowing powder. 

A ca:ayst comoosuior :ne alumoxane cc-:atalyst of which s produced exclusively from TMA generally 
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has a catalytic activity (measured as g polymer g transtticn metal hr) about t^^ice as great as a catalyst of 
sirriitar composition the cocatalyst alumoxane cf -vhich is oroduced exclusively *'om TEAL In accordance 
-vith the method of this invention, a catalyst composition produced by acdition of a TMA treated 
meiaiiocene \o a TEAL treated undehydrated siiica gel will nave an activity at least comparable to a catalyst 
of MKO metaiiocene comoosittcn and Al transiticn me*al ratio provided that the quar^tity or TEAL uVUzed is m 
a mote ratio to the water content oi the undehydrated siitca gel of from about 3 t to about i 2. preferably 
from about 1 2:1 to about 0 8:1. while the total mole sum of TEAL and TMA m mole ratio to the water 
content of the undehydrated sitica gel is from about 3:1 to about 1:2. preferably from about l 2:1 to about 
0 8.1 Within such values the quantity of TEAL .vhich may be employed constitutes on a mole basis over 
99°'o cf the at'jmoxane cocatalyst requirement Hence on a mole basis the ratio of TMA to TEAL utilized 'n 
production ot the final supported catalyst comoosition ranges from about i lOOOO. to about i l. and most 
preferably from about 1:1000 to about 1:10. 

By Bpc opnate selection of the relative amounts of the metaiiocene and the *Matkylalumtnum cocatalyst 
precursor ore Can attain by the present memcd the particular active catalyst :ompiex desireo for any 
particular application. For exampie. higher ccrcenuations of alumoxane m the :atalyst system generally 
result m higher molecular weight polymer product. Therefore, when it is desired to produce a high 
molecular weight polymer a higher concentration of totai trialkylalummum is used, relative to the metai- 
iocene. than when it is desired to produce a lower molecuiar weight material. For most aoplications the ratio 
of aluminum m the aluminum alkyi to total metal m the metaiiocene can be m the -ange of from about 300:1 
to about 20:1 and preferably about 200:1 to about 50:1. 

Following the addition of the trimethylatummum treaied metaiiocene to the tnethylaluminum treated 
silica gel solids, the catalyst is dr;ed to a free Mowing powder. Drying of the catalyst may be conducted by 
filtraticn or evaporation of solvent at a temcerature up :3 about 85 C. The cned free flowing powder 
comprises a metallocene-alumoxane complex adsorbed ucon the surface of the sUtca gel support particles. 
The dried state composition exhibits a level of catalytic act.vity useful for polymerization of olefins by a gas 
phase or liquid phase procedure as are known m the art. 

As disclosed m copending aoplication Serial No. 728.111 filed April 29. 1985. the molecular weight of 
the polymer product can also be controlled cy the judicious selection of subsntuents on the cydopen- 
iSCienyi ring and use of Iigands "'or the metaiiocene Further, the comonomer content can be controlled by 
the judicious selection of the metaiiocene. Hence, by the selection of catalyst components it is poss.ble to 
tailor the polymer product with respect to molecular weight and density. Further, one may tailor the 
polymerization reaction conditions over a wide range of conditions for the production of polymers having 
particular properties. 

In :he examples rollowirng. :he melt mcex (Ml) ar-a melt mdex ratio (MiR) were determined tn 
accordance with ASTM test D1238. 

Example l 



A 300 mt quantity of dried and degassed heptane was charged into a one-liter three-neck flask 
equipped with a magnetic stirring oar. A mixture of 240 ml of trimethylaluminum (TMA) in heptane (1.62 M) 
was then charged into the flask to form a clear solution. 

A 100,0 g quantity of "undehydrated" silica gel (Davison 948) which contained 8.1% of water by weight 
was slowly added into the fiask. After the addition was completed, the mixture was stirred at ambient 
temperature for one hour. 

A 1.25 g quantity of di-{n-buryIcyclopentadienyi) zirconium dichtonde partially dissolved in lOO ml of 
heptane was mixed with 5.0 ml of TMA in heptane solution (1.62 M). This mixture was allowed to react at 
ambient temperature for 30 minutes. The TMA-metallocene reaction mixture was then added into the flask 
and the mixture was allowed to react at ambient temperature for 30 minutes. 

The mixture m the flask was heated to 55' C m an oil bath while a nitrogen gas was purged through the 
flask to remove the s olven t. The heating and nitrogen purging were stopped when the mixture in the flask 
turned into a solid form. The mixture was then dried under vacuum to form a free-flowing powder. 

Example 2 (Comparative) 



The procedure of Example i was then followed with the exception that 260 ml of triethylaluminumi 
(TEAL) solution (1 54 M) was adced into the flask and the zirconocene was addec into the flask without the 
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pre'saction ^tth TMA 



Examote 3 



The procedure of Exam.c e l was 'ollowec with the excecnon that 200 ml :r .TEAL ' 54 M) was ada 
tntc the ftask. 



Examcie 4 



The procedure of Examc e 1 was 'otiowec with the exception that 220 ml of TEAL ' 54 fvi) was addea 

;nt: -.he flas< 



Eramoie 5 



The prccedure of Examc e i was 'ollowec with the e-<cecron that 230 ml -f TEAL ' 54 Mi was adce-' 
tnio the flasK. 

20 

E/amoie 6 



The procedure of Exam:; e i was 'oHoweo wiih the By^^c or^ thai 250 ml :r ; rAL " 54 M) was adce-o 
tnio the ffasK 



Examo'e 7 



The procedure of Examo'e 1 was rotlowed with tre excection thai 340 mi or trietr^ aluminum <TEAi.) 
solution n 54 M) was addec nto the fiask anc an "uncehydraied" siMca gel which coniared 1 1.0% of waie< 
was then accied into the flas< 



j5 Example 8 

The prccedure of Examo e 1 was 'ollowed with the excepnon that i90 ml TEAL Sduoon (1.54 M). 50 5 
siiica gel containing 12.9''= ^ater. 1 25 g zirconium compounc. ana 2.5 ml TMA sciution * 62 were use-:: 
m :r:e preparation. 

Caialyst Test 



The activity of the cataiyst powders of Examples* 1-8 were determined at ambient temperature and 5 
-5 psig ethylene pressure by .re following procedure. A 150 milliliter via* was freshly leaned, heated :o 
130 C for 6 hours, cooled :d room Temperature and ftushea with nitrogen fcr lO mir^tes. The vial was 
provided with a magnetic st;rrtng bar and 2.5 grams of catalyst composition was charged into the vial. At 
amoient temperature ethylene gas was fed Into the vial and an ethylene pressure of 5 p$:g was maintaine-a 
for one hour. Thereafter ethy ene gas ^as vented from the viai and the polyetnylene fomed inside the viaJ 
50 was collected and weighed. Tne yield of polyethylene obtained with each cataiyst compcsitjon is reported in 
Table I o 
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TABLE I 



CATALYST T 


EST RESULT 




A""ount 




Polyethylene 




FcTied. g 


~ ^ ~ ■ 1 
_ / cSv'. P -r; 1 


— J 


2 'ccmcarative) 


T 5 


3 


' 3 




2 6 


5 


3 6 


5 


3 3 




3 9 


3 


3 3 



The nventic ras ber" descr cec .vijr reference lo its I'eferrecJ embodinnents. "rem this clescription. a 
person :f ofdma^; skill ir Te art r-ay appreciate cnanges irat could be made m the invention which co not 
cepan --rm the iczce ans soint c* re invention as descnbe-z above and claimed hereafter 

Clainns 

1 A orocess for prez-ering a £uccor:eci metaMocene a:_moxane catalyst for Dciymerizanon of olefins. 
compr;s.ng the £:ecs of: 

at adding '^nceh V :'5ted s -ca ge' -o a stirret^ sotL.:;on contajntng tneihyia -jminum m an amount 
su'fic e'^-: :o ore - ^e a m: e '-atio :" *^ e:nv aluminum 'o wate- of from 3.1 !o i 2 arc at'owing :he mixture to 
react; 

z) addinc :o the ^eected rr rture a solution of a me:ai!ocene io which trimeihyialummum has been 
acdec " an anm^r! sue ."at the mc:e sum of tneihy alumirum and tr^meihyialumirum ts m a mole ratio to 
the water conter: of the ::ehydra:eG siltca gel of from 3:1 1:2; 

: • ^emov ' z :re s: . ent: 

Z) aryinc :re solics :o a free :\c^\ng powder 

2 The process accorr:ng to c'ajm 1 . A-nerein sard underydrated sdica ge! has a ^ater content of from 6 
to 20 weight percent, pre'erably from 7 to 15 weight percent. 

3 ^-^e orocess acco'::rg to c aim 1 :r ciaim 2. wnereir; the mole ratio of atum. num to transition metal 
m saia '^-etailoce'~e is fro- iOOO:i :o i 1 . areferabiy frcm 3C0.1 to iO;i and esceciat./ 150;1 :o 30; 1. 

4 The process acco'inng to any of tne preceding claims, wherein said undehydrated silica gel has a 
water content ci :rcm 6 20 we-gnt oercent ana the mote ratio of total tnatkylatuminum to water is from 
1 2:1 tc 0 8:1 

5. The process according to any of the preceding cfaims. wherein the moie rai.o of tnmethylalummum 
to trtethylaluminum is fror- 1:1000 to 1:10 

6 The process according to any of the preceding claims, wherein said undehydrated silica gel has a 
surface area of T'cm 200 :o 400 m- g. a pore volume of from l to 2 cc g and a parrcle size of from 30ll to 
60u. 

7 A process for prec-aring a supoorted metaltocerie alumoxane catalyst for polymerization of ethylene 
and alcria olefin mor^ome^5. compnsmg the steps of: 

(3) adding undehydrated sinca gel to a stirred solution contajning t/iethylajummum in an amount 
sufficient to prcvTde a mc e ratio cf tnethyatummum to water of from 3:1 to 12 anc allowing the mixture to 
react; 

Z) addinc :o the reaction rr xture a oroduct which resjits from tne reaction oi tnmethyaluminum with 
a meta-.ocene c"; the for-jia: (Cci-,MR^X- wherem Co is a cyclopentadienyl nng. M s a GfOuo 4b or 5b 
transition metai -s a h.zrocarb/- group 3r hydrocarooxy ;roup having from l to 20 carbon atoms. X is a 
hafoge^ and m s a whoa number from i to 3, n is a who^e number from 0 to 3. a.^d a is a whole number 
from 0 :o 3: fC^ ^ J-R 's(Ct r\)MQ.... or R ^ (CsR O^MQ 

wnerei- C^R ,- s a eye : centadte-^yi cr s^cstituted cycloc^ntadienyl. each R is tre same cr different and 
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»s hydrocen or a hydrocarbyl radicai containing fronn 1 to 20 carcon atoms, a sil»con-contaming hydrocarby! 
radical. a hydrocarbyl radical wr.erein two carbon atcrr.s are ^red tc-^ether form a C*-C.; ring, R is 
C--Ci a-. ene racical. a dialkyl germanium or silicone. :r an a;-..-! cnoscnme or im\ne radical bndgtng two 
(C>R O -'^s. Q IS a hydrocarby' radical having 1-20 carcoo aionns. lyoroca-ooxy radical having 1-20 

5 carbon £:;ms or halogen and can oe the same or otfferent. Q s aik. loene -iclical having from 1 to 20 
carbon a::ms. s is 0 or I. g »s 0, 1 or 2: when g js 0. s i5 0; k is 4 wnen s is i arz k is 5 when s is 0 and M 
IS as der-ed above, wherein the Quantity of trimethylaiummum adced to the metallocene is such that the 
mole rate of trimethylaluminum to metallocene is from Oil to lO i: 
(ct 'amoving the solvent: 

:o (c* nyring the solids to a free flowing powder. 

8. T^e orocess according to claim 7. wherem said meiailocere is a zirconoce^e and or titanocene. 

9. P-e process according to c»aim 8. wherein said zirconoce'^e 's selected frcm the group consisting of 
cyc!oper:=dienyl zirconium trichloride: pentamethy'cycloc-sniadtervi z'rc^mum trichioride: bis- 
'cyclope-TBdienyDzirconium dipheryl: bistcycicpeniadierynzjrcc^ ur". dtc-'or-ce: ikyt substituted cyclopen- 

■5 :adienes and their dihaiide complexes: aialkyl. tnaikyi. :etra-aikyi. and zenia-axyi cyclo-pentadienes. and' 
their diha ce complexes: and silicone, phosphorus, and carbon cncged :yctoperradiene complexes and/or 
wherein s=id titanocene ts selected from the group consisting of monccyciopertadienyl titanocenes: bis- 
(cyctope^TBdienyl) titanium dipheryl: carbenes recreseriec by -.re formula Cp:~i=CH- • AI(CH3)2CI and 
their der .atives. wherein Cp is a cyctopentadienyl or subsututec: cydopentadieryi radical: substituted bis- 

20 (Cp)Ti(!V. compounds and their cihatide complexes: diaikyt. tr;aikyi. teL'-a-aikyi and penta-alkyl cyclopen- 
tadienyl ::anium compounds and their dihaltce complexes: arc siitccne. phcsphine. amine or carbon 
bndgea : . iiopentadiene complexes, anc their cihande ccmctexes. 

10. process according to catm 9. wherem saio ^ncenycatea smca cei -as a water content of from 
SDOut 6 *: acout 20 weignt percent and the moie rano oi -.r^aikyl a ur-jnurr- :c -vaie- ts from 3:1 to 1:2. 
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